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Critical analysis of renal duplex ultrasound
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Background: Several published studies have reported differing results of renal duplex ultrasound (RDU) imaging in
detecting significant renal artery stenosis (RAS) using different Doppler parameters. This study is the largest to date to
compare RDU imaging vs angiography and assess various published Doppler criteria.
Methods: RDU imaging and angiography were both done in 313 patients (606 renal arteries). RAS was classified as
normal, <60%, >60% to 99%, and occlusion. Main outcome measurements included renal peak systolic velocity (PSV),
systolic renal-to-aortic ratio (RAR), end-diastolic velocity (EDV), and kidney lengths.
Results: The mean PSVs and RARs for normal,<60%, and>60% stenosis were 173, 236, and 324 cm/s (P< .0001), and
2.2, 2.9, and 4.5, respectively (P< .0001). The PSV cutoff value that provided the best overall accuracy for>60% stenosis
was 285 cm/s, with a sensitivity, specificity, and overall accuracy of 67%, 90%, and 81%, respectively. The RAR cutoff
value with the best overall accuracy for>60% stenosis was 3.7, with a sensitivity, specificity, and overall accuracy of 69%,
91%, and 82%, respectively. A PSV of >180 cm/s and RAR of >3.5 had a sensitivity, specificity, and overall accuracy of
72%, 81%, and 78% in detecting >60% stenosis. A PSV of >200 cm/s with an RAR of >3.5 had a sensitivity, specificity,
and overall accuracy of 72%, 83%, and 78% in detecting >60% stenosis. A receiver operator characteristic (ROC) curve
analysis showed that the PSV and RAR were better than the EDV in detecting >60% stenosis: PSV area under the curve
(AUC) was 0.85 (95% confidence interval [CI], 0.81-0.88), EDV AUCwas 0.71, and RAR AUCwas 0.82 (PSV vs EDV,
P< .0001; PSV vs RAR, P .075; EDV vs RAR, P< .0001). A PSV of 285 cm/s or RAR of 3.7 alone were better than
any combination of PSVs, EDVs, or RARs in detecting >60% stenosis. The mean kidney length was 10.4 cm in patients
with>60% stenosis vs 11.0 cm in patients with<60% stenosis (P< .0001). Twelve percent of patients with>60% stenosis
had a kidney length of <8.5 cm vs 4% in patients with <60% stenosis (P  .0003), and 5.6% (34 of 606) had accessory
renal arteries on angiography, with six detected on RDU imaging. The presence of accessory renal arteries, solitary
kidneys, or renal fibromuscular dysplasia had no influence on overall accuracy of using PSV values for detecting >60%
stenosis.
Conclusions: A PSV of 285 cm/s or an RAR of 3.7 alone can be used in detecting >60% RAS. Previously published data
must be validated in individual vascular laboratories. ( J Vasc Surg 2012;56:1052-60.)
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sRenal artery stenosis (RAS) is one of the most common
causes of severe hypertension and is present in approxi-
mately 1% to 5% of all patients with hypertension.1 Pres-
ently, intra-arterial angiography is still considered the gold
standard for the diagnosis of RAS, even with its associated
morbidity. There is no universally accepted screening test
From the Department of Surgery, Robert C. Byrd Health Sciences Center,
West Virginia University,a and Charleston Area Medical Center.b
Author conflict of interest: none.
Presented at the Thirty-sixth Annual Meeting of the Southern Association
for Vascular Surgery, Scottsdale, Ariz, January 18-21, 2012.
Additional material for this article may be found online at www.jvascsurg.org.
Reprint requests: Ali F. AbuRahma, MD, Charleston Area Medical Cen-
ter, 3200 MacCorkle Ave, SE, Charleston, WV 25304 (e-mail: ali.
aburahma@camc.org).
The editors and reviewers of this article have no relevant financial
relationships to disclose per the JVS policy that requires reviewers to
decline review of any manuscript for which they may have a conflict of
interest.
0741-5214/$36.00a
Copyright © 2012 by the Society for Vascular Surgery.
http://dx.doi.org/10.1016/j.jvs.2012.03.036
1052or RAS. Most authorities use renal duplex ultrasound
RDU) imaging; however, others use contrast computed
omography angiography (CTA) or magnetic resonance
ngiography (MRA).2,3 RDU imaging has several advan-
ages over MRA or CTA, such as being noninvasive,
idely available, and relatively inexpensive; however, it
an be technically demanding. Since its early introduc-
ion in detecting RAS,4-6 several published studies have
eported differing results of RDU imaging in detecting
ignificant RAS using different Doppler parameters.3-20
One of the most reliable Doppler parameters is based
n the renal-to-aortic systolic ratio (RAR). An RAR 3.5
redicts 60% RAS with a sensitivity of 84% to 91% and a
pecificity of 95% to 97%.5-8 Meanwhile, several others
eported the value of renal peak systolic velocities (PSVs)
anging from 100 to 200 cm/s with different accura-
ies.8,14-16 Presently, there is no consensus on specific
DU criteria for the diagnosis of significant RAS. This
tudy is the largest to date to compare RDU imaging vs
ngiography and assess various published Doppler criteria.
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This study was approved by the Institutional Review
Board of Charleston Area Medical Center/West Virginia
University, Charleston, WV Division.
Patient population. The study analyzed data for 313
patients (606 arteries) with symptoms suggestive of RAS
and who had RDU imaging and renal arteriography in the
period fromNovember 16, 2007 throughMarch 12, 2011.
The data for 20 renal arteries were not available for analysis
because five patients had unilateral nephrectomy, four had
solitary kidneys, and 11 had unsatisfactory imaging due to
obesity or excessive bowel gas, which did not allow satis-
factory Doppler velocity sampling of the renal arteries on
one side. A list of patients who underwent renal angiogra-
phy for RAS was generated and cross-referenced with the
vascular laboratory report archive, which allowed identifi-
cation of all patients who had both RDU imaging and renal
angiography within 6 weeks. Only patients with technically
satisfactory RDU images were analyzed.
All RAS patients whose lesions involved branches of
renal arteries were excluded. These included three with
stenoses of primary branches of unilateral main renal arter-
ies, two with stenosis of bilateral intrarenal arteries, and
three with stenosis of the main renal artery trunk and its
intrarenal branches.
RDU assessment. RDU testing was done by regis-
tered vascular technologists in a vascular laboratory accred-
ited by the Intersocietal Commission for the Accreditation
of Vascular Laboratories. A Philips system (IU 22 instru-
mentation) was used, with low-frequency 1- to 5-MHz
curved linear phase array transducers. Every effort was
made to use a Doppler angle of 60° to provide consis-
tency in Doppler velocity measurements.
Patients were examined after an overnight fast in the
anterior and lateral decubitus positions so that all portions
of the main renal artery from the origin to the hilum were
examined. Hilar examination was also performed by the
flank approach with the patient in the right and left decu-
bitus positions. This approach was particularly useful in
patients with excessive bowel gas and obese patients. From
this flank approach, the length of each kidney was recorded
using B-mode imaging.
Renal parenchymal Doppler signals were also acquired
during this examination. A 0° Doppler angle and a sample
volume size of 2 mm were used to record spectral wave-
forms from the renal parenchyma of the upper and lower
poles of each kidney. Renal artery occlusion was diagnosed
when there was no flow signal in the renal artery and a low
amplitude velocity signal from the renal parenchyma. The
abdominal aorta was identified in the sagittal plane at
the level of the origin of the superior mesenteric artery, the
probe was rotated 90°, and each renal artery origin was
located using the left renal vein as a landmark.
Doppler sampling and velocity waveforms were ob-
tained from the origin, proximal, middle, and distal renal arteries. PSVs and end-diastolic velocities (EDVs) along
oth renal arteries from the aortic origin to the renal hilum
ere also recorded. The presence of poststenotic turbu-
ence was noted, which is defined by the presence of focal,
idirectional Doppler flow.
The RAR was calculated by dividing the highest PSV in
he renal artery by the PSV in the aorta. All duplex scans
ere interpreted by board-certified vascular surgeons with
egistered Physician Vascular Interpretation (RPVI) cre-
entials.
Angiographic assessment. Angiographic evaluation
as performed using abdominal aortography with selective
ntra-arterial digital subtraction angiography using JR-4
elective catheters (Cordis, Miami Lake, Fla). Anteroposte-
ior and left anterior oblique views were obtained. A 4F
atheter was used in some patients to check for the presence
f a pressure gradient of20mmHg as indicative of60%
AS.
Every effort was made during postprocessing to use the
est mask and pixel shifting to yield the best image for
nterpretation. These were performed by board-certified
ascular surgeons or board-certified vascular intervention-
lists. The point of greatest diameter stenosis was measured
sing digital caliper technique and compared with the
ormal renal arterial diameter. Poststenotic dilatation was
xcluded. The number and patency of all renal arteries were
oted. The presence of atherosclerotic or fibromuscular
ysplastic lesions was also noted, as well as the location of
hese stenoses.
Two independent observers, who were unaware of the
DU results, interpreted the angiographic examination.
hen the estimated degree of renal artery diameter reduc-
ion differed by 10% between the two observers, the
stimate of a third observer was used, and a consensus was
eached regarding the category of stenosis. The status of
he renal artery, based on angiography, was graded into the
ategories of normal, 60% stenosis, 60% to 99% steno-
is, and occlusion.
Statistical analysis. The data analysis was performed
sing SAS 9.2 software (SAS Institute, Cary, NC) and
igma Plot 10 software (Systat Software, Chicago, Ill).
elocity data were expressed as a mean  standard devia-
ion. An analysis of variance test was used to compare the
eans of the PSV, EDV, and RAR to the RAS. Receiver
perator characteristic (ROC) curves were used to compare
ngiographic data with velocity measurements to deter-
ine the optimum velocity criteria to use for detecting
50% and 60% RAS, which includes total occlusion, as
iagnosed by no flow in the renal artery.
We have included two analyses. Our main analysis
ncludes occlusion in the “greater than” groups so that it is
hose that have no flow or a PSV equal to or greater than a
pecific velocity (eg, no flow or a PSV 285 cm/s for
60% RAS). Another analysis is included where the occlu-
ions were excluded. The method of DeLong, DeLong,
nd Clarke-Pearson was used to compare ROC curve areas
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October 20121054 AbuRahma et alfor the paired data. The difference of each area pair and its
standard error and 95% confidence interval (CI) were com-
puted. This was followed by the 2 statistic for the area
comparison and its associated P value. The sensitivity,
specificity, positive predictive value (PPV), negative predic-
Fig 1. Scattergrams show categories of stenosis and the corre-
sponding Doppler parameters for (A) peak systolic velocity (PSV),
(B) end-diastolic velocity (EDV), and (C) renal aortic ratio (RAR).tive value (NPV), and overall accuracy (OA) were deter- ained for specific PSVs, EDVs, and RARs. A significance
evel of 0.05 was used to determine statistical significance.
ESULTS
The analysis included 606 renal arteries, comprising
10 normal renal arteries, 158 with 60% RAS, 207 with
60 to 99% RAS, and 31 occlusions, as determined by
ngiography. Fibromuscular dysplasia was present in 14
rteries (2.3%) in contrast to atherosclerosis in 592
97.7%). Scattergrams of categories of stenosis and the
orresponding Doppler parameters (PSVs, EDVs, and
ARs) are shown in Fig 1.
Table I summarizes the clinical and demographic char-
cteristics of the patients. Table II summarizes the mean
SV, EDV, and RAR for various categories of RAS. As
oted, the mean PSV, EDV, and RAR were statistically
ignificantly different between normal,60% stenosis, and
0% to 99% stenosis (P  .0001).
Table III summarizes the Doppler velocity cutoff val-
es for normal renal arteries. As noted, a PSV of 186 cm/s
as the best OA of 81%, with a sensitivity of 88%, a
pecificity of 68%, a PPV of 84%, and an NPV of 74%.
eanwhile, an EDV of 33 cm/s had the best OA of 66%,
ith a sensitivity of 77%, a specificity of 46%, a PPV of 73%,
able I. Demographic and clinical characteristics
ariable No. (%)a
ge (range, 28-95), years
Mean 69.85
Median 72
emale sex 200 (65)
ypertension 302 (96)
enal insufficiency 113 (36)
iabetes mellitus 116 (37)
moking 161 (51)
yperlipidemia 233 (74)
oronary artery disease 174 (56)
Continuous data are presented as indicated.
able II. Values for parameters for various categories of
enal artery stenosis (RAS)
ariable Mean Median SD Min-max
SV
Normal 173 167 50.806 17-364
30%-59% stenosis 236 228 61.470 68-436
60%-99% stenosis 324 311 125.632 0-666
DV
Normal 40 36 19.808 5-137
30%-59% stenosis 49 44 38.891 14-449
60%-99% stenosis 68 56 44.042 0-249
ystolic ratio
Normal 2.2 2 0.926 0.6-7
30%-59% stenosis 2.9 2.9 1.032 0-6.7
60%-99% stenosis 4.5 4.1 2.100 0-13.4
DV, End-diastolic velocity; PSV, peak systolic velocity; SD, standard devi-
tion.nd an NPV of 50%. A systolic ratio of 2.4 had an OA of
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85%, and an NPV of 64%.
The sensitivity, specificity, PPV, NPV, and OA of vari-
ous PSVs, EDVs, and RARs for detecting 60% RAS are
summarized in Table IV: The PSV threshold with the
highest OA (81%) for 60% RAS was 285 cm/s, with a
sensitivity of 67%, a specificity of 90%, a PPV of 81%, and an
Table III. Doppler velocity cutoff values for normal renal
Variable Sensitivity (95% CI) (%) Specific
PSV 186 cm/s 88 (80.91-87.97) 68 (
EDV 33 cm/s 77 (69.14-77.83) 46 (
Systolic ratio 2.4 79 (81.26-88.66) 72 (
CI, Confidence interval; EDV, end-diastolic velocity; NPV, negative predict
velocity.
Table IV. Sensitivity, specificity, positive predictive value
(OA) for various peak systolic velocity (PSV), end-diastolic
detecting 60% stenosis
Variable Sensitivity (95% CI) S
No flow or PSV 
160 93 (89.36-96.04) 3
170 92 (88.33-95.36) 3
180 91 (87.82-95.01) 4
200 89 (84.8-92.88) 5
220 85 (80.87-89.94) 6
240 82 (77.04-86.91) 7
260 76 (70.94-81.85) 8
280 69 (63.17-75.03) 8
285 67 (60.91-72.99) 9
290 65 (58.67-70.94) 9
300 60 (53.36-65.96) 9
310 57 (50.29-63.02) 9
330 53 (46.81-59.63) 9
No flow or EDV 
40 75 (68.91-80.21) 5
50 64 (57.81-70.26) 7
60 55 (48.36-61.28) 8
65 51 (44.83-57.8) 8
70 46 (40.02-52.97) 9
80 39 (32.7-45.37) 9
90 34 (27.63-39.91) 9
100 29 (22.65-34.37) 9
No flow or RAR 
3 80 (75.1-85.43) 7
3.1 80 (75.1-85.43) 7
3.2 79 (73.66-84.24) 7
3.3 78 (72.22-83.04) 7
3.4 78 (72.22-83.04) 7
3.5 73 (67.03-78.58) 8
3.6 71 (65.17-76.94) 8
3.7 69 (62.85-74.87) 9
3.8 66 (59.63-71.95) 9
3.9 63 (56.9-69.42) 9
4 59 (52.83-65.59) 9
4.5 47 (40.45-53.41) 9
5 37 (30.58-43.1) 9
CI, Confidence interval.
Values in boldface indicate highest overall accuracy.NPV of 80%. An EDV of 65 cm/s had the best OA of 74%, Tith a sensitivity of 51%, a specificity of 89%, a PPV of 75%,
nd an NPV of 73%. An RAR of 3.7 had the best OA of
2%, with a sensitivity of 69%, a specificity of 91%, a PPV of
4%, and an NPV of 82%.
If occluded renal arteries (as determined by angiogra-
hy) were excluded (Appendix Table IV, online only),
omewhat similar cutoff values were noted. As noted in
ies
5% CI) (%) PPV (%) NPV (%) OA (%)
3-80.59) 84 74 81
1-57.39) 73 50 66
7-70.29) 85 64 77
lue; OA, overall accuracy; PPV, positive predictive value; PSV, peak systolic
), negative predictive value (NPV), and overall accuracy
city (EDV), and renal aortic ratio (RAR) values for
city (95% CI) PPV NPV OA
5.47-35.1) 47 86 55
0.69-40.73) 49 87 58
5.71-46.01) 51 88 61
8.78-59.22) 56 88 68
1.04-70.96) 63 87 74
0.62-79.67) 69 86 78
7.66-85.76) 74 84 80
4.6-91.4) 79 81 80
6.53-92.9) 81 80 81
7.84-93.88) 83 80 80
0.83-96.02) 86 78 80
1.85-96.72) 87 77 79
4.67-98.48) 91 76 79
9.39-59.91) 52 76 63
7.66-77.11) 61 75 69
2.71-89.97) 73 74 74
5.31-92.01) 75 73 74
8.3-94.26) 78 72 73
0.67-95.95) 79 70 72
4.21-98.24) 86 69 71
6.08-99.27) 89 67 70
6.74-76.28) 65 85 75
9.5-78.76) 67 85 77
1.35-80.39) 68 84 77
2.28-81.21) 69 84 77
3.52-82.29) 70 84 78
6.65-84.98) 72 82 78
3.03-90.22) 78 82 80
8.3-94.26) 84 82 82
9.65-95.24) 85 80 82
0.33-95.72) 86 79 81
2.77-97.35) 89 78 81
4.94-98.66) 91 73 77
7.28-99.81) 94 70 74arter
ity (9
67.7
42.6
57.5
ive va(PPV
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Applying commonly used criteria for detecting 60% RAS
(ie, a PSV of 180 cm/s and RAR of 3.5) to our series
had a sensitivity, specificity, and OA of 72%, 81%, and 78%.
Meanwhile, a PSV of200 cm/s with an RAR of3.5 had
a sensitivity, specificity, and OA of 72%, 88%, and 78% in
detecting 60% RAS. Overall, there were 31 angiographic
renal artery occlusions, of which 23 (74%) were detected by
RDU imaging, and the remaining eight arteries had PSVs
ranging from 161 to 416 cm/s. Four of these were thought
to be secondary to accessory renal artery Doppler sampling
(ie, missed main renal arteries), and two had dual main
renal arteries, one of which was occluded.
ROC curve analysis of renal velocities. Fig 2 is an
ROC curve plotting sensitivity against specificity for diag-
nosing 60% RAS. As noted, the area under the curve was
0.85 for the PSV, 0.71 for the EDV, and 0.82 for the RAR
in detecting 60% RAS. The PSV was statistically signifi-
cantly better than the EDV (P  .0001), with PSV vs the
ratio at P  .0752 and EDV vs the RAR at P  .0001.
Overall, angiography documented accessory renal ar-
teries in 34 of the 606 renal arteries (5.6%), only six of
which were detected by RDU imaging. There was no
correlation between the presence of accessory renal arteries
and the OA of RDU imaging in detecting60% RAS. The
mean kidney length was 10.4 cm (range, 5.2-13.6 cm) in
patients with 60% RAS vs 11.0 (range, 8-15 cm) in
patients with 60% RAS (P  .0001). If occlusions were
excluded, the mean kidney length was still significant
(11.03 vs 10.6; P  .0006). The kidney length was 8.5
cm in 26 of 218 arteries (12%) with60% RAS vs8.5 cm
Table V. Positive predictive value (PPV), negative predict
combinations of peak systolic velocity (PSV) and renal aort
Combination Sensitivity (95% CI)
PSV 180 and RAR 3.5 73 (67.03-78.58)
PSV 200 and RAR 3.5 72 (66.1-77.76)
PSV 230 and RAR 3.5 70 (64.24-76.11)
PSV 280 and RAR 3.5 61 (55.08-67.72)
PSV 285 and RAR 3.5 60 (53.28-66.02)
PSV 180 and RAR 3.6 71 (65.17-76.94)
PSV 200 and RAR 3.6 71 (64.7-76.53)
PSV 250 and RAR 3.6 65 (59.17-71.53)
PSV 150 and RAR 3.7 69 (62.85-74.87)
PSV 180 and RAR 3.7 69 (62.85-74.87)
PSV 200 and RAR 3.7 68 (62.39-74.45)
PSV 240 and RAR 3.7 65 (58.72-71.11)
PSV 150 and RAR 3.8 66 (59.63-71.95)
PSV 180 and RAR 3.8 66 (59.63-71.95)
PSV 200 and RAR 3.8 65 (59.17-71.53)
PSV 220 and RAR 3.8 64 (57.81-70.26)
PSV 230 and RAR 3.8 64 (57.35-69.84)
PSV 180 and RAR 3.9 63 (56.9-69.42)
PSV 200 and RAR 3.9 63 (56.9-69.42)
PSV 230 and RAR 3.9 61 (55.08-67.72)
CI, Confidence interval.in 14 of 354 (4%) (P  .0003). iISCUSSION
As shown by other reports,5,6,12-14,21-27 this current
tudy demonstrates the feasibility and reliability of RDU
maging in diagnosing RAS. There is no ideal screening test
or RAS; whereas some reports advocate MRA,28,29 others
ecommend CTA.28,30 At the current time, however, when
ost-effectiveness is crucial, the most important character-
ig 2. Receiver operating characteristic (ROC) curves are shown
or60% stenosis.AUC,Area under the curve;EDV, end-diastolic
elocity; PSV, peak systolic velocity; RAR, renal aortic ratio.
alue (NPV), and overall accuracy (OA) for various
io (RAR) values for detecting 60% stenosis
ecificity (95% CI) PPV NPV OA
1 (76.65-84.98) 72 82 78
2 (78.23-86.3) 73 82 78
6 (82.38-89.71) 77 81 80
3 (89.99-95.48) 85 78 80
4 (91.02-96.19) 86 78 80
7 (83.03-90.22) 78 82 80
8 (84.33-91.25) 79 82 81
1 (88.3-94.26) 83 80 81
1 (88.3-94.26) 84 82 82
1 (88.3-94.26) 84 82 82
2 (88.63-94.51) 84 81 82
3 (90.67-95.95) 87 80 82
2 (89.65-95.24) 85 80 82
2 (89.65-95.24) 85 80 82
3 (89.99-95.48) 86 80 82
3 (90.67-95.95) 86 80 82
3 (90.67-95.95) 86 79 81
3 (90.33-95.72) 86 79 81
3 (90.67-95.95) 86 79 81
4 (91.37-96.43) 87 79 81ive v
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and therapeutic modalities. RDU imaging is a relatively less
costly and effective anatomic screening tool to evaluate
RAS. Also, RDU imaging can evaluate the hemodynamic
status of renal arteries at the hilum, including tardus/
parvus, acceleration time, acceleration index, resistance in-
dex, and pulsatility index.21,31-33 It is particularly indicated
in patients with chronic renal insufficiency, claustrophobia,
or intravenous iodine allergy.
Several Doppler parameters have been proposed for the
diagnosis of 60% RAS. Initially, several authorities used
the PSV of the renal artery15,17,34 or RAR,5-7,17 or both,
and presently, these parameters are the most frequently
used. Others, such as pulsatility index35 or renal resistive
index, have been proposed as alternatives.36 Several thresh-
old values of renal PSVs were reported to provide the best
OA in detecting60% RAS. Avasthi et al15 first reported a
threshold value of a PSV of 100 cm/s; however, Berland et
al22 showed this value was excessively low. Other authori-
ties have proposed different threshold values, including
180 cm/s,16 198 cm/s,17 200 cm/s,8 and 300 cm/s.37
Miralles et al17 showed that the renal PSV was the best
parameter in detecting 60% RAS. ROC curve analysis
revealed a PSV of the main renal artery 198 cm/s and an
RAR 3.3 as the best cutoff points for detecting 60%
RAS. A PSV above this threshold provided 87% sensitivity
and 92% specificity. The RAR had a similar specificity of
92% but amuch lower sensitivity of 76%. In 1986, Kohler et
al5 were among the first to report that an RAR3.5 was the
best parameter in detecting60% RAS, with a sensitivity of
91% and a specificity of 95%. Meanwhile, Taylor et al6
reported a sensitivity of 84% and a specificity of 97% using
the same RAR in a prospective study of 29 patients (58
renal arteries). However, Hoffmann16 and the same group,
using the same RAR criteria in 41 patients, later reported a
good sensitivity but a significantly lower specificity of 62%.
Hansen et al8 reported the results of RDU imaging in 77
patients (148 kidneys), using an RAR of 3.5 with distal
turbulence velocity waveforms as indicative of 60% RAS.
When single renal arteries were present (122 kidneys), the
sensitivity was 93% and the specificity was 98%. However,
these results were adversely affected in the presence of
multiple renal arteries.
Our results support those reported by others that the
optimal PSV for60%RASwas180 cm/s. In this report,
the PSV cutoff value that provided the best OA for 60%
RAS was 285 cm/s, with a sensitivity, specificity, andOA of
67%, 90%, and 81%, respectively. A similar accuracy was
noted in our series when using an RAR of 3.7, with a
sensitivity, specificity, and OA of 69%, 91%, and 82%,
respectively.
Hua et al25 reported that a PSV of 200 cm/s had a
sensitivity of 91%, a specificity of 75%, and an OA of 79%,
whereas a ratio of3.5 had a sensitivity of 72%, a specificity
of 92%, and an OA of 86%. They concluded that the PSV
criteria were highly sensitive with a high NPV that obviates
the need for arteriography in most cases of a negative RDU
imaging. They also concluded that using the criteria of an .cceleration time of 100 cm/s and an index of 3.78
Hz/s were of less value than the PSV or the RAR, or both.
lin et al14 reported the results of a prospective blinded
tudy of 102 patients in which 31 of 32 arteries with 60% to
9% stenosis and 67 of 69 arteries with 80% to 99% stenosis
sing arteriography were correctly identified as having 60%
o 99% stenosis on RDU imaging using a PSV of 200
m/s or an RAR of 3.5, or both.
Motew et al,13 using a renal PSV of 200 cm/s,
emonstrated a sensitivity of 91%, specificity of 96%, and
A of 92% for the detection of 60% RAS. The authors
lso recommended that the measurement at the hilum
hould not be used as the sole screening study because it did
ot provide sufficient sensitivity. In our analysis, the sensi-
ivity, specificity, and OA for PSV of 200 cm/s with an
AR of 3.5 were 73%, 82%, and 78%, respectively, in
etecting 60% RAS.
Meanwhile, Kawarada et al38 prospectively analyzed 75
tenotic renal arteries, determined by angiography, that
nderwent preangiography RDU imaging with measure-
ent of the translesional pressure gradient. A translesional
ressure gradient of 20 mm Hg was associated with 50%
AS. A PSV cutoff value of 219 cm/s provided the best
redictive value with a sensitivity of 89%, specificity of 89%,
nd an OA of 89%.
In contrast to these studies, de Haan39 questioned the
alue of RDU imaging for the detection of RAS. On the
asis of the combination of parameters at thresholds com-
only applied in current literature (ie, a PSV of180 cm/s
nd an RAR of 3.5 in detecting 60% stenosis), they
ound RDU imaging had an overall sensitivity of 50%,
pecificity of 91%, PPV of 88%, and NPV of 59%. They also
hought that lowering the threshold for both parameters
mproved the test results, at the cost of a significant increase
f false-positive examinations. None of the accessory renal
rteries were detected using RDU imaging. They con-
luded that the general application of RDU imaging as a
creening procedure for detecting RAS was questionable.
An ROC curve analysis of our study showed that the
SV was significantly better than the EDV values (P 
0001) in detecting 60% RAS (PSV vs RAR, P  .0752;
DV vs RAR, P  .0001). This finding was also high-
ighted in a meta-analysis study by Williams et al3 of 88
tudies involving 9974 arteries in 8147 patients. The four
arameters evaluated were PSVs, RAR, accelerated time,
nd accelerated index. The corresponding diagnostic odds
atios (OR) were 61 (95% CI, 28.3-131.2), 29 (95% CI,
2.7-67.7), 29 (95% CI, 7.1-117.2), and 16 (95% CI,
.1-50.6). Results based on studies in which parameters
ere directly compared showed that PSVs had a greater
ccuracy than RARs (relative diagnostic OR, 1.8; P  .03)
nd the acceleration index (relative diagnostic OR, 5.3; P
001). An analysis of PSVs combined with other parameters
ompared with PSVs alone showed evidence of a shift in
est positivity (P  .001) but only weak evidence of im-
rovement in accuracy (relative diagnostic OR, 1.6; P 
09).
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accurate screening test for RAS. The PSV as a single mea-
surement had the highest performance characteristic, with
an expected sensitivity of 85% and specificity of 92%. Wil-
liams et al3 also concluded that adding other parameters did
not increase accuracy. Our study showed that a PSV of
285 cm/s or an RAR of3.7 had a somewhat similar OA
and that either one could be used in detecting60% RAS.
It also showed that a PSV of 285 cm/s or an RAR of 3.7
alone was as good as any combination of PSVs and RARs in
detecting 60% RAS (Table V).
This study is the largest to date to compare RDU vs
angiography and use an ROC curve analysis to validate
various Doppler parameters. When we used the current
recommendation for the diagnosis of RAS, applying com-
monly used criteria for detecting 60% RAS (ie, a PSV of
180 cm/s and RAR of3.5) to our series, the sensitivity,
specificity, and OA were 72%, 81%, and 78%, although a
PSV of 200 cm/s with an RAR of 3.5 had a sensitivity,
specificity, and OA of 72%, 83%, and 78%. These differ-
ences from previously reported sensitivity, specificity, and
OA5,6,8,13 can be explained by several reasons, including
but not limited to different instrumentation, different tech-
nicians, location of Doppler sampling of the main renal
arteries or close to its branching, and also the prevalence of
RAS in the populations that were included. Some of these
reports also define significant RAS as being 50%,9-11
whereas others use 60%.6,8,12,17-20 The measurement of
angiographic stenosis may also be influenced by a single
anteroposterior angiographic view, whichmay lead to some
variability.
Most accessory renal arteries were not detected in our
study, and other authorities have cited a similar experi-
ence.6,8,25 In our analysis, the presence of accessory renal
arteries or solitary kidneys (1.2%) had no influence on the
OA of using the PSV values for detecting 60% RAS.
However, Hansen et al8 indicated that the accuracy of
RDU imaging was adversely affected when kidneys with
multiple renal arteries were examined.
Finally, Strandness40 reported the importance of renal
size and its relation to renal artery occlusion and indicated
that if the renal artery was occluded, the renal length was
nearly always9 cm. Miralles et al17 reported that a kidney
length of8.5 cm, in addition to an absent Doppler signal
in the renal parenchyma, was the best criteria to identify
renal artery occlusion. This was not consistent with the
findings in our study, because only 11 of 31 renal occlu-
sions had a kidney length of 8.5 cm. However, 12% of
patients with 60% stenosis had a kidney length of 8.5
cm vs 4% in patients with 60% stenosis in our series. The
mean length was 10.4 cm in patients with60% stenosis vs
11.0 cm in patients with 60% stenosis (P  .0001).
This study has several limitations, including being
a retrospective study and that ultrasound imaging is
operator-dependent. This study also lacks accurate evalua-
tion of accessory renal arteries, which can be very techni-
cally difficult. These vessels may contribute to renovascular
hypertension, and this should be considered in some clini-
1al scenarios, especially in the extremes of age. We foresee
hat RDU evaluation of the accessory renal artery will
mprove over the next few years as techniques and technol-
gy continue to advance. Our analysis also did not include
ilar parameters (eg, acceleration time or index). The mag-
itude of intraparenchymal kidney disease and the outcome
f renal revascularization can be evaluated with renal resis-
ive indexes41; however our analysis’s primary focus was
iagnosis, not an intervention-related outcome.
ONCLUSIONS
A PSV of 285 cm/s or an RAR of 3.7 alone can be used
n detecting60% RAS. Previously published data must be
alidated in individual vascular laboratories.
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Dr Kimberley Hansen (Winston Salem, NC). Dr Mitchell,
Dr Endean, members, and guests: Thank you for the opportu-
nity to open this discussion, and thank you Ali for your paper
well in advance and your presentation this morning. For me, the
primary message from Dr AbuRahma and his group is that
optimal criteria for renal duplex sonography are best obtained
when each laboratory validates its results through comparative
analysis. We agree wholeheartedly with this message, but the
comparison may not be so easy to make as it once was. Some
years ago, our first comparative analysis between renal duplex
and angiography utilized cut film, not temporal digital subtrac-
tion. Digital subtraction with postprocessing—peak opacifica-
tion and pixel shift functions—can affect images profoundly.
With an analog-to-digital imaging system, our technologists can. Who created the final subtracted angiogram for comparison?
. Do your angiograms reflect analog-to-digital or digital-to-
digital technologies?
. In the absence of poststenotic dilatation or collaterals, how
confident are you that 50, 60 and 70% lesions can be delineated
one from the other?
More than any particular velocity cut point, the significance of
renal artery occlusive lesion depends on the clinical setting in
hich it occurs. In this regard, our group has considered severe
ypertension as the clinical hallmark of physiologically significant
enovascular disease, leading to these questions:
. The majority of patients were considered to be hypertensive.
Howmany patients had severe hypertension of the variety most
consistent with a renovascular etiology?
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October 20121060 AbuRahma et al5. Did the severity of hypertension vary with renal artery peak
systolic velocity?
One last point: Velocity criteria for renal duplex will likely vary
from laboratory to laboratory, but the added value of renal aortic
ratio is uncertain. When Gene Strandness and Ted Kohler intro-
duced renal aortic ratio in the early and mid-1980s, the supporting
rationale was that velocities in the renal artery were dependent on
inflow aortic velocity. In reality, renal blood flow is determined by
autoregulation provided by the kidney. In large groups of volun-
teers, as well as patients, there is no association between peak aortic
and peak renal artery velocities. For us, renal aortic ratio has proved
to be a spurious correlation. The correlation with disease has rested
entirely with renal artery peak systolic velocity. I enjoyed this paper
and thank the association for the privilege of the floor.
Dr Ali F. AbuRahma. Thank you, Kim, I appreciate your
constructive comments, and I am honored that you were the
discussant for this paper. All of us are aware of your contributions
on this subject, and they are appreciated. In regards to questions 1
and 2, the technical staff completed the digital subtraction angio-
grams and they were digital-to-digital, which is compatible with dost modern technology. In regards to question 3, as to how
onfident we were in measuring 50%, 60%, or 70%, we were
ertainly confident, particularly since our measurements were
ased on either 50% or 60%, and we did not look to 70%,
ince it has no practical implication, at least at this stage. Two
bservers made the determination and if there was a difference of
10%, a third observer was selected and a consensus was reached.
n regards to question 4, as noted in our presentation, over 90% of
he patients were hypertensive and a majority were labeled as
aving severe hypertension (ie, a diastolic blood pressure of over
00 or a systolic blood pressure above 180); however, we did not
lassify patients according to the degree of hypertension.
In regards to the severity of hypertension and its relation to
eak systolic velocity, as indicated earlier, we have not classified this
ccordingly; however, we are aware of the fact that velocities can
ary in patients with cardiovascular disease. Therefore, we analyzed
ot only peak systolic velocities, but also the renal-aortic systolic
atio, and we found that a ratio of 3.7 was somewhat equivalent
n its value to a peak systolic velocity of 285. Again, thank you for
iscussing this paper.
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Volume 56, Number 4 AbuRahma et al 1060.e1Appendix Table IV (online only). Sensitivity, specificity, positive (PPV) and negative predictive value (NPV), and
overall accuracy (OA) for various peak systolic velocity (PSV), end-diastolic velocity (EDV), and renal aortic ratio (RAR)
values for detecting 60% stenosis (occlusions excluded)
Variable Sensitivity (95% CI) Specificity (95% CI) PPV NPV OA
PSV 
160 92 (87.76-95.41) 30 (25.47-35.1) 43 86 53
170 91 (86.57-94.62) 36 (30.69-40.73) 45 87 56
180 90 (85.98-94.22) 41 (35.71-46.01) 47 88 59
190 89 (84.23-92.99) 48 (43.05-53.52) 50 88 63
200 87 (82.51-91.75) 54 (48.78-59.22) 52 88 66
210 85 (79.68-89.62) 61 (56.33-66.53) 56 87 70
220 83 (78.01-88.33) 66 (61.04-70.96) 59 87 72
240 79 (73.61-84.8) 75 (70.62-79.67) 65 86 77
260 73 (66.63-78.91) 82 (77.66-85.76) 70 84 78
270 68 (61.9-74.73) 85 (81.42-88.87) 73 82 79
280 64 (57.75-70.96) 88 (84.6-91.4) 76 81 79
285 62 (55.18-68.58) 90 (86.53-92.9) 78 80 80
290 59 (52.63-66.18) 91 (87.84-93.88) 79 80 79
300 53 (46.59-60.34) 93 (90.83-96.02) 82 78 79
310 50 (43.1-56.9) 94 (91.85-96.72) 83 77 78
330 46 (39.17-52.91) 97 (94.67-98.48) 89 76 78
340 41 (33.82-47.37) 97 (95.03-98.68) 88 74 76
EDV >
40 71 (64.19-76.92) 55 (49.39-59.91) 47 76 60
50 58 (51.49-65.26) 72 (67.66-77.11) 55 75 67
60 48 (40.74-54.69) 86 (82.71-89.97) 67 74 72
62 47 (39.73-53.67) 88 (84.33-91.25) 69 74 73
65 44 (36.73-50.58) 89 (85.31-92.01) 69 73 72
70 38 (31.29-44.85) 91 (88.3-94.26) 71 72 72
80 29 (23.08-35.81) 93 (90.67-95.95) 72 70 70
90 23 (17.44-29.26) 96 (94.21-98.24) 78 69 70
100 17 (11.98-22.54) 98 (96.08-99.27) 81 67 68
RAR 
2 91 (87.45-95.29) 38 (32.95-43.21) 46 89 57
2.5 85 (80.33-90.23) 59 (53.52-63.92) 54 87 68
3 77 (71.29-83.02) 72 (66.74-76.28) 61 85 74
3.5 69 (62.04-75.01) 81 (76.65-84.98) 67 82 76
3.6 67 (59.91-73.09) 87 (83.03-90.22) 74 82 79
3.7 64 (57.25-70.66) 91 (88.3-94.26) 81 82 81
3.8 60 (53.58-67.24) 92 (89.65-95.24) 82 80 81
3.9 57 (50.45-64.27) 93 (90.33-95.72) 82 79 80
4 53 (45.82-59.76) 95 (92.77-97.35) 86 78 80
4.5 39 (31.78-45.38) 97 (94.94-98.66) 87 73 76
5 27 (20.71-33.1) 99 (97.28-99.81) 91 70 72
CI, Confidence interval.
Values in boldface indicate highest overall accuracy.
